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Diffractive Cross Section
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Monte Carlo Sirnulations

- POMPYT For diffractive production
PYTHIA For non-diffractive production



Triple-pomeron cross sections

Standard Regge theory
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Renormalized pomeron flux

ogp ~ constant

dtd{ = B(¢, t)

d°g _ B
dth2|f_—'O - (Mg)H-e



2% September 1995

PHYSICSILETTERS B

ELSLEVIER Physics Letiers 13 358 (1995) 379-388 =

Renormalization of hadronic diffraction and the structure of the
pomeron

K. Goulianos
The Rovkefelter Univerairy, 1230 Yirth Avciee, Mews Yok, MY J0021, USA

Receivied 29 May 1995; revised manuscript received 7 August 1995
Lidjter; L, Mantanet

Abslract

A phenomenological renommalization scheme for hadronic diffraction is proposcd, which unilarizes the uiple-pomeron
Regge wnplitude while prescrving its At and  dependence. Predictions Tor pp/pjs single diffeactive, double diffractive
and double pomeron cxchange cross scctions are presented and compared with cxperimental results. A new interpreiation
of hard and decp inclastic diffractive data emerges in which the momentum sum rule is obeyed by the constituents of a

pomcron deseribed as a mixture of guark and giuon color singleis in a ratio dictated by asymplopia,

1. Introduction

It is well known that pomeron cxchange in Regge
theory accounts for the main leatures of high energy
clastic, diffractive and total cross scctions [1,2]. In
parlicular, {or proton-{anti)proton inlcractions, it ac-
counts for the rise of the total cross scelion and 1he
shrinking of the forward chistic peak wilh encigy,
and also describes corrcetly the A2 and r dependence
of single dilfiaction dissoctution (SD), Furthermoe,
the concept of factorizalion provides relalionships be-
lween cross scclions (hal pass successfully the test of
experimenial cbservation [1]. :

The carly success of the simple Repge-pole inodel
has been, however, lempered by the mare reccnd mea-
surcments of the pj7 single diflraction {SD)} dissoci-
alion cross scclion at the SppS Collider [3] and at
the Tevatron [4,5]. As scen in Fig. 1, the theorelical
prediction for the SD cross scction based on standard
Regge theory {dashed curve) has a much sleeper cu-
ergy dependence than the data. Such a resull was, of
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Fig. 1. Tolal pp/pf single diffraction cross secifon dala (Dol
sides) Tor £ < 0.05 comparcd with predictions based on the
standard and the renormalized pomeron fux.
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d?o/dtdé

Diffractive cross section vesus £ at t = —0.05
(Data: p — p(p) fixed target and Tevatron)
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Cross section versus M? at ¢t = —0.05 GeV?
(Fixed target and CDF data)
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d’o/dtds (mb/GeV?)

d®o/dtd¢ (mb/GeV?)

Global fit to cross sections
(Fixed target and CDF data at t = —0.05 GeV?)
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Pion Exchange

dd; = (5:) Uﬁp(sg)

f?f/p(f )= %‘? Frnp(t) g2
20, = 0+ At (A =0.9)

Frvp(t) = G0

For'}f+p—>Xerusecr"'””——_If;;z %0”01’
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d®c/dtd¢ (mb/GeV?)

mb/GeV?)

r
L%

d®c/dtd¢ |

Cross section vesus £ at fixed ¢
(Data: ISR; Fit: Pomerou + Fion & Resolution)
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Cross section versus M?%at t =0
(Normalized)
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v+ p — X + p cross section vesus M?att=0
Data: Fixed target and HERA-H1
(normalized to pp data at 4/s = W = 14 GeV)
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Figure 6: Measurements of the quantity M2 doypxy/dM2 with M, < 1.6 GeV and |t] < 1.0 GeV?
by H1 and of M2 do.p-, v, /dAL2 dt from [25]. For the H1 data the inner error bars are statistical and the
outer error bars show statistical and systematic errors added in quadrature. Overall scale uncertainties
of 13% at (W) =12.9 GeV and (W) = 15.3 GeV, 5.2% at (W) = 187 GeV and 6.9% at (W) = 231 GeV
are omitted from the errors. The triple-Regge fit (b) with maximal constructive interference and the
resulting decomposition of the cross section is superimposed.

k = IP and k = R. Maximal coherence is assumed and, through equation (8), the
interference couplings at ¢ = 0 are parameterised as G ., (0) = Z\AGH,P (0) Gppe (0)]

and Gppyn(0) = 2\/|Gn,,m 0) Grprr(0)]- This represents the scenario in which the f is
the dominant subleading exchange and the f and the pomeron couple similarly to the
proton [43,44]. The resulls are presented in table 4b and figure 6.

In fit (c) effects arising from isovector exchanges are investigated. The interference terms
ar¢ not included, but the non-diffiractive terms (IRIRIR and RIRIP) arc allowed to be
different in the H1 and the fixed target data. This accounts for possible additional con-
tributions to the H1 data from the specific terms in table 2 that are marked with a star.
A further free fit parampfer R.is therefore mtroduced defined as fhe ra_tm of the shim of

‘the couphngs Gmm-( )+Gmmm( ) in the H1 da.ta. to tha.t in the fixed target da.ta. I there

.
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d_tdd‘z‘“*?;; for pp/pp vesus M? at t = —0.5GeV

Data: pp at /s = 14 GeV and pp at /s = 1800 GeV
Solid line: H1 fit to yp — Xp normalized to 14 GeV pp data
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Triple-Regge Amplitudes
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CDF Single Diffractive Cross Sections

(corrected for acceptance)
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‘Conclusions for Soft Diffraction|

STANDARD REGGE THEORY

e ¢ and M? distributions do not scale with s.

e Unitarity is violated in ogp/o7.
2¢

e Flux integral depends on &, and for pp — pX it 1s ~ s*°.

REALITY

e M2 distriburion at ¢ — O scales (a,pproxjmatcly) with s.

e Unitarity is, of course, obeyed!

RENORMALIZATION

e Flux intcgral = 1 True scaling property!!!
o do /dM?|;_g scales (approximately) with s.

e Unitarity is obeyed in ogp/ar.

-



HARD DIFFRACTION

fnv(6t) =D fipplé,t)

_ 01
Nz"jlj:fgmin/;iu fJP/p(gat)dgdtzl
min=6 N=1 = I =11|& = 0.004

bmin 26 N <1 = D=1
bmin < &0 N~ (;2)° = D=1/N

M?
Bmin = —

e Soft diffraéction 2
bmin="2 = N= (f}g) $% (M2 =15 GeV?)

o Hard diffraction

Bmin = Mg‘% = N = (fj’g)% (8s)* =~ 6 (al 1.8 TeV)
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MOMENTUM FRACTION OF HARD PARTONS IN POMERON

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

GLUCN FRACTION OF HARD PARTONS (N POMERON

Figure 5: Momentum fraction versus gluon fraction of hard partons in the pomeron
evaluated by comparing measured diffractive rates with Monte Carlo predictions based
on the standard pomeron flux and assuming that only hard pomeron partons participate
in the diffractive processes considered. Results are shown for ZEUS (dashed-dotted),
UAS (dashed) and the CDF-DIJET and CDF-W measurements. The CDF W zesult is
shown for two {dotted) or three {sotid) light quark flavors in the pomeron . The shaded
region is used in the text to extract the quark to gluon fraction of the pomeron and the
standard flux discrepancy factor.
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Diffractive Production

o (a) Single Diffraction
o (b) Double Diffraction

e (c) Double Pomeron Exchange

.........................

0| Gap [iiferrlerl]  OfifetyiGaplrlety 0| GapperticlOw
n n n

The CDF Detector

BBC 3.2 < |5 < 5.9 Beam-Beam Counters
CTC n| < 1.8 Central Tracking Chamber
CAL central: in] < 1.1 plug: 1.1 < [n| < 2.4 forward: 2.2 < |n| < 4.2

“PARTICLE”
e a hit in a BBC
e a track with Pr > 300 MeV in the CTC

o a calorimeter tower with Ep > 200 McV (corrected Ep >~ 300 MeV);
for 2.4 < |n| < 4.2 we Tequire a tower energy of B > 1.5 GeV.
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HIGHLIGHTS OF HARD DIFFRACTION RESULTS

1. Diffractive W Production
Ry = {1.15+0.55)%
(£ < 01)
2. Diffractive Dijet Production
Ry = (0.75 £ 0.10)%
(B > 20 GeV, 7] > 1.8, mme > 1, £ <0.1)
3. Jet-Gap-Jet Events
Rygr = (1.13+£0.16)%
(B > 20 GeV, |77 > 1.8, mime <1, [ngapl < 1)
4. Diffractive Heavy Quark Production
R < 0.9% (90% CL)
(0.05 < £ <0.1)
5. Dijets with Ef" > 7 GeV in:
Single Diffraction (SD): 0.05 < { < 0.1

Double-Pomeron Exchange (DPE): 0.05 < £ < 0.1, &2~ &
Non-Diffractive events (ND)

DPE/SD (0.170 % 0.036(stat) & 0.024(syst)|%
SD/ND [0.160 = 0.002(stat) £ 0.024(syst)]%
(DPE/SD)/(SD/ND) 1.1£0.3

DPE/ND (2.740.7) x 107°

The Structure of the Pomeron

1. The low fraction of diffractive W + Jet cvents ubscrved indicates
the presense of a hard quark component in the pomeron structure.

9. From Ry and Ryy, the hard gluen content of the pomeron is de-
termined to be (independent of the pomeron flux normalization)

fg—0.7:£0.2

3. The Jet-Gap-Jet signal decreases at large rapidity gaps.
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IDIS at HERA
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For fixed § and Q? the pomeron ¢ varies as ;
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CONCLUSION

The renormalized pomeron flux hypothesis:

e Unitarizes the SD amplitude.

e Predicts the correct soft diffraction cross sections.

e Predicts the CDF rates for diffractive W and dijet production
and the UAS rate for diffractive dijet production.

e Predicts the double-pomeron/diffractive/ non-diffractive scaling
observed by CDF.

e Introduces a (Q*/8)* dependence in the diffractive structure
function measured in DIS at HERA  which affectes the extracted
pomeron structure function from these measurements:

See Phys. Lett. B358 (1995) 379-388 and B363 (1995) 268.
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